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(57)Abstract 

PROBLEM TO BE SOLVED: To provide an SOI wafer which has a thick SOI layer having a good uniformity in thickness and an 
excellent crystallinity, and therefore is useful for a bipolar device and a power device. 

SOLUTION: At least one of two single crystal silicon wafers is formed with an oxide film and the other one is injected from an upper 
face with hydrogen ions or noble gas ions and formed with an ion implanted layer. After that, the ion implanted wafer is airtightly 
adhered at the ion injected face to the other wafer through the oxide film. Then, the combined wafer is heat-treated and one of the 
wafers is separated into a thin film with the ion injected layer as a cleaved face to manufacture an SOI wafer having an SOI layer. 
After that, an epitaxial layer is grown on the SOI layer to form a thick SOI layer. 
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(57) [gift] 

MS O I Jgfc^T* S O I ^x-^fc&ttTS. 

ra > ? x - ^<D±ffi*> 6*31 -Y * > £ ?ctt# ^ > 
ALfc#cr>M3:$E<bK : £:/r L-Tffe?3©-> >; 3 >?xw 

<t^if$#. ^^-r^a^^TsS-f^^Ad*^ 

SO m^WT^SO I ^x-^^rfPSiL/c^. t£SO 

i JBJbcc x tr * * * jh ££5 $ it x mm S O I Jl £ 
mmztitcmm&i-tev^mms o i a£#rss o 

I ->x-^ 0 



3 > ^ x -^©_hM*> 67k^-C * > £ :* > 

*ixAl,r^*>aAJl£»J83iifcgL 

SO IlSff^SO I ^i-^SrfESgL/cf^ I8SO 

i n±«:x t**-> +• ^B«i«53«'cjvns o i a* 

[M5J3S2 ] mtExt^e^mj&SiiJcDSO I ^ 

i Kteigofcs o i ^x-^cds?jS:£&, 

[ii*^3 ] ftriBxt:**S^JWlf£g|!tr©SO I 0 
x-^©SO IIS©®J?rt*0. 2 MmfcLbr*6C<i3: 

*m<fc-f sw#jsi £tcim&m2iamLtcso i 
mommz 2 u m&.±tr zc t ? 1 

[ m«8 6 ] mmmm 1 a i » c- Mass 4 ki aiK u fc 

y 3 > -> x-^ i 0 rsfufflf s c i znmt -r sua 
x-^ zwrnmrttm. 

[1**17] SO I®±tCxb-^ + >>i-^Jl*)jS;S3 
•tf/c^SO I fJ--C*ot, l£xt#+-> + ;WgT 

gp© s 0 1 »*tc y^f -sw&rrs c £ -r* 

fiSOI "i7X-;\, 
[0 0 0 1 ] 

X-^£*££:tecfcW3-gil/"tSO I (Silicon Onlnsula 
tor) ?X-^:S:S?jg-rS;£?£ *>§IJ8ISc. * 

•}x -^© s o I m £J¥< -T S^&ftcw: c ©^rfp 
$g<*tt&SO I *i>x-^{cB8^-S„ 
[000 2] 

[fi£#©8ffi] SO I ^x-^^(^-rs*^©t^W 
tt-^&tLX, 2t5t©^ffiW®L//c^y=i>^x-^ 
£i^bK£:frL,T|g^JSffll>SC£&<ig£U $1® 

si (ji^ri ooo'c-1 2 00'c) 

iS&ft:^ ^©^x-^^SKffrS. Ofe^S^x 
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7c2ft©^x-^©5 ^^©^x-^^rWglJ^x * 

[0003] c©^ar^$a§nfcso 1 ^x-^«. 
s o 1 m<Di£ik&^mitfefrmm(Dmmmm-%<D -> 

s o i m<DmB<Dm-mcm¥W& k> . i^ts 
g©tini#ffi*/m>T&s«M/?K*fLTii?*±o. 3 

-5. 2ft©->y rj>-?x-/v&>?> lft©SO I V 

[0004]Sa. Htfc&SO I 9x-'MZ>HB#&& 

^fc^a-rsciccj:^, ^*>&AH-e§ijf§t-5r& 

*5^ea¥5-2 1 1 1 2 8^ctiig3nri,^„ 
c:©^^^ 2fe©^y^>^x-^©^^. ii>^<i 
20 b-XicmimznmL, -^©^x-^©-^^:* 

L/c^©ffiiffe^©-> 'J a > -5X --'^©— £Mi 5r^ft 

z.x$k'bm.mmzmmw<t Lx-xo'yx.-^&mmvi 

SO I -i/x-^^fp^ser^-C*^. C©# 
^■C«|g©i£j— tt*$± 0. 0 1 /txm«T©S O I 3x- 

>'^5&3J:btxe«)^ im h tix t »s . 
30 [0 0 0 5 ] ic5r. so 1 m<Dmm^WLumtPhWc 

1 0 (im(Dyi*t>iQ> hW-WkS O I x— 

^g©i&g&AtHcfigf33ftTt,>s. se*. jvmsoi 

^x-^fcfFifTS&ca:. flWBf x-^IS^ffi{cJ:»). 

^fbl««^ >?x -^i-^r x-^ i ^ba<? £fc 
1*. 1 1 oo-c-c^^a^tf^^. -e©^> wsijfc 
jcofw^abrgf^e/i^^fomMso 1 ^x-/n 

*^^g|5*^DSfcto. iF^B«{C*i^^g|5*l^*-r^x 

0. 3^ hmttt-oxist*?. ttc mmi:mtdvxte 
soimomm<DiS}-n&M<~rzct&x'Z-f. <&m 

¥5-1 6 0 0 7 4#&fB&Cgf|7n£tl"Cl>£PACE 
(Plasma Assisted Chemical 
Etching) ffi £Wft5IS,fflx y jrftwc 

^ iip-pT S O I H©K/P©^-tt*^tL//cf3 . 
50 .^*i±fC, SDl3^h«<)S:^tL$^C<!:(C^ 
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t><0 #ftt>. 

[0006] — fs. *>mm&vit. ±ie^x- 

cft#so iJi©^£ifcrf-5c<i6cfc5© 
A^arii. $ga±©WBKj: 0 20 0ke V|MSco»n 
ft^SO IIl/*fPS-C*S;*>-?fc. Se-p-C. 10 

>MIK£k: J: 0 cttfcU:©l»?£WirS S O I JM£0(& 
>&Am&ft ! &Wt£1nZ>&, 2 0 0 keV4I^.S<t 

8l<, ^©aAs^ff^fctotcB^rB^s-r s c t ic 
-s £ t» 5 *cc*j^-ca. p a c e m t iu«©raa.'Sa 1 * 

o/c„ 20 
[0007] 

[^Bj*j«?^L/J: j 5£'rssjS] -ec-c\ ##£BjJttC© 

[0 00 8] 

n>9x-^©5t3. 'J>fj:<tb—yjltmtm : £Bl&? 30 

* > ££ALT * >&AB£Jfcf£i* 
•Sfcfit t^*>£&AL.fc#©ffi£IHUl ; &/l-LTfH2 

#©->'; n^x-^i^s-t*. ^^-r^a^rSnx. 
-ctt-f^aAWfcfwra (§'JHffi> tot- *©s/»; 

I ■^x-.nSrfl^bircf^ gSO II±tCih-j!^>t 

mso I ^x-^cDiSjg^tt-rabS. 
[0 00 9] c^i^cc, *>!5fii&R:J:o-C» 40 

i^nfesoii^stesoi -jx-^^fpgii/fc^, 
s o i m<o0tfflffi*w&-r * c t*<. gsoi b_bc 
xb-^+i/f^s^ss-a-ntf. 

ft. J¥)SSO I 9x-/>&$BD£< . KC»£Stt-CH 
S-r-SCiAi-ClfS. xb'^+^i-^SBii© 
#SB#«CSO I ^x-^*i*lS#ffl^KaS$^6CitC 

> t- jvnfiss»<DJVM s o i mmommz *>&*?&£>© 

•hftS. 

[ooio] c©*§&. iwyt juia^fssns so 
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so ie©iHMffitc«. ^^->aAtc=ts^-^*i 

^g|-o/c**xb-if*-> + ;U@*sff^$*al,cD-C, It 
^7©£5fcxb**->+.n/JlTg|3©SO IH^K^ 
y-i?I5:*1-5fgSO I ^x-^^RS-r^ci^ 

[0 0 1 1 ] C©*§£. if^<lR2KfetSl/fc=k5(C. x 
£#*5^.>WlJ&gii«©SO I fi-^K, 7k3l££ft 

mznz. . soi jKDfHjgtSK^s 2^ - ^g*^* 

^^©ffiflStf&gSftTrt^xfc-**;^.^ 

Ji£fi£g-f *c£#s-e££©-c. ite^a*sffi*-c^ft 

<. mil^i-tt*JJ:0'*ffifI3*i^ftaio D DS©/i^S 
o ui^wrsso I ^x-^€:S!jt-r^C<J:*i-C# 

[00 12]*^ ^b*»^*-! ffi (CZi£> CCJ: 

9 SB 3 nfcv »j 3 > ^x - ^ffli^r^K Lfc s o i 

■}x-^©t§^, SO I JftpCtCOP (Crystal 
Originated Particle) iPf itti 
•5 0. 1~0. 2 ymg|g©A*3©£iMI5©^PS#?? 
MSO-C, SO I lAiCOPOAtJi'JS^i, X 

t:* + j^sxgtr-^ffls ns*f**^^c op* 
jtau a*jA^{tM*xy^>^b-cLSi\ *£m 
iLtso l ^x-/N©#tt*^bO-ct-S 5. 
[ooi3]-ect. is*^3fcie*gLfcj;5tc. if 

is *&miS.£M<D SO I ^i-^OSO I @©M/|£ 
#0. 2 MmttiWSCitCtO, if$t->t« 

gxii^oa^^^kisi^x ?->y;*n&©£58^ 

[0 0 14] C©JS^. W^il4tcialS0/cJ:^lc > x 
f$+i' + ^fit©lllSO I Jl©ffl^?r2 um%m 

©SO I Jl^JjSTSi. *4 #-7<?/i-itt**y- 

mso im*£.m&j;<, i^^F-cfwsciw 

[0 0 1 5 ] ^BJ©fiS?W5tCfatSL/fc^BJ 

«. miiBii^ i ft t> cif^ii4 tcs&RLfcmmij&ic 

<fc0tSiS5n/cC£=£#m<t-r-5SO I Ox-^-CA 

c©j:^ftso i ^x-^«. mrnnj— ttAiMSTft 

SO I ■?x-/>-tr*0> /<-/*'-7 5 :r >'<-Y^^'-'->' , 7-7 1 
^VXffl^LT^-CWffl^m^tttcan/cSO I ■> 
x-^Ni^c^,, 

[0016] *^©IS^6«:iBigL^Bj 
B?fBi»*a i bit*iB4 tclHt£L/fc»j&*?£{c 
te^r. IiJS-r-2.i'J^'?x-/>?:W«! : ®t'r->';=f>^ 

x-/n£ Lrs^jfflTSc: t^^fmt-r^iHJS^x-^ 
^ilJijffl-rs^-e*,^. c©<t^(c. #2Sbj!©*sw 



t&xzzvx, i*»4Lr*fiH©fln(isoi»** 

TSSOI-Jx-^o^gr), Stltt©|Pl±i3^hy 
[00 17] 

o i ■jx-Aiiaif 5j?ffi«cj:sso i "jx-^os 10 

[0018]BlO(D KmbfcAftOXg 1 ttt, 
2 tfc©f y 3 >MffiV x-^zmm-r £ feCD^C* 0 , 7 s 
/<^X©tt«K^fc*x-^2 0 % 2 1 £**g-r£o 

CTtt*X-^2 0*l!WWbl/* *O«ffitC^0. la 
m-2. 0Mm«©H{HR3 0**fiSrS. Httt, * 20 

[0 0 1 9] Xfl3~Cte, #<Z>tfx-/>2 1<DK 

(SAB) 4 0tiR»3«4O'C l t©&A»I»*2 
5-4 5 0'C#JfS CC-CIt -ft>aA^SO 

JM«E«:t*«Stb©«IR3W**<Z)-c. i«W2 0 0 30 
k e VSa©TO«Er«iLlftJc*-f *>©*Id, 2 p 

[0 0 2 0] Xg4«, *l>f*>^ffAlfc^x-n 
2 l©**^*>j^BBC*x--^2 0OttfkM3 0<D 

H»T? 2 W-)x w>©*siH±*:«JI*3 i±6 c <L {c 

•to. mmmm*mi>zctrj;< <y*-^m±&m»? 

[002 1 ]^C, II5m »Ai4 0t*»4l/ 
r±»5/ya> (SSfiitfx-^) 2 8£T35SOI^x 40 
-w>io (SO IH2 5+Si&#BWbR2 

nm»rms o o-m±<DU&xmmzmzft& is 

SO I 9xwtCcaat34iS. C<DJ:9(C#|6gmi\ 
XB5KfeC>-CIM9x--^2 8#®J£3ft*o 
[0 0 2 2] ^It, IE6"Ctt, B5IBXfi4cr>^#X 
gr$*3tt/ctfx~^|g±©jB^nt -e-O^Sir 

^v^xs-cfiEffl-rscciiSt^co-r, so i ^x-^ 1 
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#X#HMT> 1 0 5 0 6 C-1 2 0 0'C"C30^e>2 
[0 0 2 3 ] ttfcCOW^ ±EXB5©iHflf»jfflI± 
*fc. Xfi5CDiHJg|^«ia4Xg6(7)^^S4^ 
it, I»0**-f*>HIISK±5SO 1 *x-rKD« 
[0 0 24] XS7« 4 *3R-r*>WJ«ffitC<to 

rf#e>n/c so in 2 5or>stffi-c&£§fgas5 o©±«: 

xf^^^^^n^fiSSS-tfrT SO I @cDKil4 2 jum 
4a*rBra©IIW*rRS*3-li4Xar*4. n» A 

mmmm&oso 1 ■jx-^ 1 ooywmsi 

fctt. iit!3 0 (Jlti>&£WblR2 6) «Utl> 

4«« (*»^») #*s<z>t\ x****w>m*m» 

Xfcf**5/*JWBlfcfi1& i^CffWcSOI^X 
wMOtt, ISS/S^S/im— ftl 0 umOmmSO I 
Jf 6 0 iaii*«fbJ«2 6 i^-^ixw\ 2 7 3^618 

[0 02 5] xtdrt^tWfifCB, afffr^fetir 
^acvDfficiO, W*tt, 1 1 00-1 2 0 0 4 cr 

SiCl 4 * *4^BSiHCl, , S i H 2 CI: , 
S i H« ^4*^StcLTS i *#rttJ3-ti\ JflO/cS-'y 
=3>^xw^«Sa*{4i*5 0&cxfcraf4 1 V*^flES3 

#ft«<u>o as^sxt^t^a (mbes) k 

£9. fiSMS (1 0" B -1 0' 11 ) T\ 6 00-90 
0 Wfiirx tr # * Ss * JH£g £ iTC 4> <£ t, \ 
[0 02 6] CCg-COXfI«:*H>T v Ig5 -Ig6 
• Xg7<Mfi#£XfI5 -XII7 • Xfl6<£>J!RmcS*. 

scifcr^So xa6o*s^«»afflixs7o 

e**5/*JWSS«xatt. tulBb/cJc^CC, ffilOO 
»*3R»H«l*"C 1 0 0 0-1 2 0 0 'CJtSSl/c 
RB^taELTifcrjr + ^ + JUn****"*© 

iR^L/fc*H»*-C— «RfM«»U-C S O I *S<D^^ 

-^x^>^ucgs, asttwtcxt^+s/^^n 

<D»^, Xg6iX|17« 4 |g-<Z>xt^*^ + ;^a 

[0 0 2 7 ] C0>J:5CC % *3R-f *>iHJSffi«:j:or» 
e>n/c S O I noftPBBBtc 2/ y n >(0x h # ^ + v ^ ;nss 
S€r?fAtf, SO I m±OX%tmm&vm^&l Oum 

(ommso in«Jtinwi:«<cf»«c&«srft&&A 



y>^>f^ti, s#sr^cs£t,>so i ^x-^ 

[0 02 8] iKC>-CB&#:J;&SO I ^x-^cDi?^ 
xw>£li{gT£4>Or£>'h x^VXCDf±<iCC^-p/c 

0. l*zm-2. 0 nmmomtBS lZ&f&Th* X 10 
g3"CU, ^X-^2 3<DM{tm3 lmtttMLXTkmJ 

C©ttAfiIii2 5-450 'C^RJ 
[0 0 2 9] XH4B. *SU*>&ALft:^x~-^ 2 
3<D*i^*>&Affir&&^ftM3 1(DI^'J3> 
^xw>2 2*Sfc^i££XfI-C$>9, mS^^cC^ 
B»"FC 2 SO^x-/^*ffi(5l±^Sftt^ i±& C i 

cfco. gi^Mi^C(!:ft< ^x~^i*i±#ss-r 

& 0 i^tc. Xff 5a>6Xfi7£rB> A&£I^«I<DMI 20 

ms o i m*m?z> s o i ox--^&nt>ti6„ 
S^oxgr^ i 115 o^M^axii-csj* b 

suigt o x -^(z>a n ai^ £ ^ xmwj:m%}mxm&Mj& $ 
mmi<t&%mmm^x\,>hw>£mx#j-v>mbm 30 

[003 1 ] 

(Hisfli 1 ) mmm&pmxmmm& 1 0 q • c m , e 

1150mm, i^S$i<100>. /f36 25ium£>C 
ZVyn>gI«)xw^ 2tM«tU BH^b/cB 40 
•ffi®Xgl-8KJEoTjfc-J\ *3R-r*>*J»ffi«:J:D 
SO IJ1(DJ*3#0. 5 a m£>S O I ^?x w>£rfpt? 

ffi*2. 0 /im©W«SO II4ST 5S0 I -)x-^ 

[0032] soi ^x-^*«jftr4aEa«a*frw 

a) XS2<DWt«» : 8 Onm 

b) XH3CD7K^aA^fr: H + SAx*;^ 

- : 6 7 k e V 50 
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SEA«« : 8X l 0 ,6 /cm l 

c>Ig50Mil*ftl*tt:N, #*#H»T. 5 0 
0-C. 3 0», 

d> IB6©*S£ffc*Hi: tcl/ (Xg7<h**a£> . 
e) Ig70CVDffixt:jr + i/f^ttfiIi: H, ^ 
(H, #B£l 1 1 1 0U 6 0#) , it^^> 
+ )l>m j r#^3> (SiHCl 3 + H, , 1110 

■a 6 om o 

[003 3] CSOTXHBTB* *3S-f * 
<£9. 0. 5 /xmJ?S<DSO 1 B^JfJfiXSn. XH7 "C 
B> CVDffiCCctOl. 

rttBW2. 0 nmCOmmSO IJBiJ&fiSUfc. 
[0034]i/c XS5CD108t^S«(DiHJi8lO/c4 
£<£>S O I 'Jxw^SO IMO^/l^-'tt^affiflS 

**«>fc. flwaa3EttS«»*ffit?tfac^ soi^x 

rS^giMSU RMS 41 

(fiUSMSM) 0. 6nmt$)^ SS/SiSj— 
14 (3V^v) B± 1. 8nmr»r)fc. ^ffiflSB* 
H*H*»«»k:J:») 1 itimftrajjeLfciC*. RM 
Sffi (BSTOIHMSaS) #?7. 6nm-C$)o 
fc. — £\ IS7©iW^tMfif*©SOIi© 

B. 18. 4nm-C*^^t l BWBaj-tS < 3 ^ * 
?)«±5 5. 4nmt', xfcf**^ + Jl/j?Rfi«: cfcQBt 
JIQiSj— ttttfTjUtUfc^ M^CD^xw>$£^r£<D 
±0. 3 Mmitb^-Si, ffia>rg»r*SCi3^to^ 

oft:. *te, StnaSBRMSM-CMO. 29nmii 

&>xmix&-otc 0 

[00 3 5] ifc^^^t;TO^CSO I 2 awn* 

SO IB*<DaB3*lRl(D^B*S*«3eu 
fc. «5e*ffitt. 4»«^fc-5x-^*KOH**aSK«: 
J:Si7f>^t»6^Wni. 5, 1. 0, 
0. 5, 0/im(Di-;?>y*l/fca, Ch^^H. G 
a s s e 1 6CCj:0BI5%3hfcHia-feaJ.v^>yffi 
(J. Electrochem. Soc. , 140, p 
p 1 7 1 3 . 1 9 9 3) 'iff-aftA SB£*tt«g 1/ T » 

B10 l /cm 2 HTT*^ ffi^©^VU#*x-^<t 

[00 3 6] (HMIM2) xtf>*5/irJH«ftr«iW 
*6. 5mniU ^c-* (SH10 0%*ffI 

feWB. mw 1 1 mmog&xmmmi . o u mo s 

BRMSttTftO. 3 3nmiiJ?)tI!ift*o/c fl 
[0 03 7 ] C<D^x-^*4»WL/. *<Drtltt*3i 



(6) 

9 

3*iaj©^IB*flC*»SL«:. fetch. KOH7kfg?»C 
«tSx-7 9 i >^*a«. 5. 0. 6. 0. 6. bum 
iCfc. ^<D&m, i^?>yfi*S5. 0, 6. Oum 
<D2tMcotvri;K|d6m iPI^CC^RIffiatt 1 0' / 
cm 1 &CfC&-z,tcifi, X??>?&i>i6. bum (x 

«. 7X1 0 J /em'tf^fii®®*)**-^. Ctltt, 10 
iKH^t ^Jl©fiSS5?®Tg|50 SOI® K:*^ * 

[ o o s 8 1 ». #»gn*. usgoMmvcmmztii, 

«Fl i Fi»*©®H(Cie«3n?ce?*-!IL«t*MWK:i5l— a 
[0039] 

s o I »©flW©J&— r. SMifi^ttfc 
fftifcf RSO I1*#T5S O I -)x-^, 
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SO IBrttcy-y j"J>y-9--f fi&JSSSSK: 

aw,»so 1 ^x-7N^j:b^w#B^fi3x h-ews-r* 
c tit, W9ut+. ffies%?sc#-rifc» 

5 v mommmmwrffimm s n * tab. wt^oaev 

ftaxhW^OTIttift-jte. «*6«:giJ£;*ttSiHJ8i 
tfx -/1 £-> >J 3 > fj x-/> <fc LTWfiJffl-r £ C £*l»J 

imm<Dismt£sm] 

[0 1 ] #2£H8©S O I ^ x.~^<r>U^JM<D—m^:m 
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PROBLEM TO BE SOLVED: To provide an SOI wafer which has a thick SOI layer having a good uniformity 
in thickness and an excellent crystallinity, and therefore is useful for a bipolar device and a power device. 
SOLUTION: At least one of two single crystal silicon wafers is formed with an oxide film and the other one 
is injected from an upper face with hydrogen ions or noble gas ions and formed with an ion implanted layer. 
After that, the ion implanted wafer is airtightly adhered at the ion injected face to the other wafer through 
the oxide film. Then, the combined wafer is heat-treated and one of the wafers is separated into a thin film 
with the ion injected layer as a cleaved face to manufacture an SOI wafer having an SOI layer. After that, 
an epitaxial layer is grown on the SOI layer to form a thick SOI layer. 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
dama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] While forming an oxide film at least in one side among two single-crystal-silicon wafers After 
pouring in a hydrogen ion or rare gas ion from the top face of one silicon wafer and making an ion-implantation 
layer form, The field of the direction which poured in this ion is stuck with the silicon wafer of another side 
through an oxide film. Subsequently, the manufacture approach of the SOI wafer which adds heat treatment and 
is characterized by growing up an epitaxial layer and making a thick-film SOI layer form on this SOI layer after 
producing the SOI wafer which separates one silicon wafer in the shape of a thin film, and has a SOI layer by 
making this ion-implantation layer into a cleavage plane. 

[Claim 2] The manufacture approach of the SOI wafer indicated to claim 1 characterized by heat-treating in the 
ambient atmosphere containing the reducing atmosphere or hydrogen chloride gas which contains hydrogen in 
the SOI wafer before said epitaxial layer growth. 

[Claim 3] The manufacture approach of the SOI wafer indicated to claim 1 or claim 2 characterized by the 
thickness of the SOI layer of the SOI wafer before said epitaxial layer growth being 0.2 micrometers or more. 
[Claim 4] The manufacture approach of the SOI wafer indicated in any 1 term of claim 1 characterized by 
setting thickness of the thick-film SOI layer after said epitaxial growth to 2 micrometers or more thru/or claim 
3. 

[Claim 5] The SOI wafer characterized by being manufactured by the manufacture approach indicated to said 
claim 1 thru/or claim 4. 

[Claim 6] How to reuse the exfoliation wafer characterized by reworking the exfoliation wafer which carries out 
a byproduction in the manufacture approach indicated to said claim 1 thru/or claim 4, and reusing as a silicon 
wafer. 

[Claim 7] The thick-film SOI wafer which is way a thick film SOI which grew up the epitaxial layer on the SOI 
layer, and is characterized by having a damage layer in the SOI layer of this epitaxial layer lower part. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the SOI wafer produced by this approach by the approach list 
which thickens the SOI layer of the SOI structure wafer obtained by the approach (technique called the 
hydrogen ion exfoliating method and the smart cutting method) of combining and separating the wafer which 
carried out the ion implantation, and manufacturing a SOI (Silicon Onlnsulator) wafer. 
[0002] 

[Description of the Prior Art] As a typical way method of the approach of producing a SOI wafer, two silicon 
wafers which carried out mirror polishing are combined, without using adhesives through an oxide film, and 
after heat-treating (usually 1000 degrees C - 1200 degrees C) and raising bond strength, there is the so-called 
wafer joining-together method which thin-film-izes wafer of one of the two. this wafer joining-together method 
- if — after thin-film-izing wafer of one of the two to some extent by grinding or etching between two 
combined wafers, making the SOI thickness made into the purpose is performed by carrying out 
mechanochemical polishing of that front face further. 

[0003] Although there is an advantage that the SOI wafer produced by this approach is expensive as much as 
[ usual in the crystallinity of a SOI layer or the dependability of an embedding oxide film ] a silicon wafer, by 
this manufacture approach, a limitation is in the homogeneity of the thickness of a SOI layer, and there is a fault 
that only the homogeneity within a field of at most about **0.3 micrometers is acquired to target thickness even 
if it uses the highly precise processing technique. Moreover, it can only perform obtaining one SOI wafer from 
two silicon wafers, but there is a problem of becoming cost quantity. 

[0004] Recently, the approach (technique called the hydrogen ion exfoliating method and the smart cutting 
method) of exfoliating in an ion-implantation layer is proposed by JP,5-21 1 128,A as the manufacture approach 
of a new SOI wafer by heat-treating, after combining with other wafers the wafer which carried out the ion 
implantation. This approach forms an oxide film at least in one side between two silicon wafers. A hydrogen 
ion or rare gas ion is poured into one principal plane of one wafer. After making a minute air-bubbles layer 
(enclosure layer) form in the interior of a wafer, the field of the direction and one principal plane of the silicon 
wafer of another side which poured in this ion are stuck through an oxide film. It is the technique which adds 
heat treatment of 500 degrees C or more after that, separates one wafer in the shape of a thin film by making a 
minute air-bubbles layer into a cleavage plane, adds further hot heat treatment, joins together firmly, and 
produces a SOI wafer. And by this approach, thickness homogeneity is acquired comparatively easily [ a SOI 
wafer **0.01 micrometers or less ]. 

[0005] By the way, several micrometers to several 10 micrometers so-called thick-film SOI wafer has the very 
useful thickness of a SOI layer as a bipolar device or an object for power devices, and future growth is also 
expected very much. In order to produce a thick-film SOI wafer conventionally, heat-of-linkage processing is 
first performed for a wafer with an oxide film, and BEAUEHA at lamination and 1 100 degrees C by said wafer 
joining-together method. Then, although grinding and the thick-film SOI wafer which carries out polish 
processing and has desired thickness will be produced, since the uncombined section arises in a wafer periphery 
in that case, before polish, edge down stream processing which removes the uncombined section must be 
performed, and a process will become complicated and will become cost quantity. Moreover, homogeneity of 
the thickness of a SOI layer cannot be improved only at a polish process. PACE (Plasma Assisted Chemical 
Etching) currently indicated by JP,5-160074,A, although thickness was equalized by gas-phase-etching 
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processing called law and mirror polishing was removing Hayes etc. Thus, there is no change in the 
homogeneity of the thickness of a SOI layer getting worse on the contrary, if it grinds after gas phase etching, or 
**** and a damage layer being introduced, the fault that crystallinity tends to deteriorate being upwards, and 
processing cost becoming high. 

[0006] On the other hand, by the hydrogen ion exfoliating method, by the above-mentioned wafer joining- 
together method, since indispensable edge down stream processing is unnecessary, it has productivity and a big 
merit in respect of cost. However, since the acceleration voltage of ion implantation equipment would 
determine the impregnation depth of ion and this would determine the thickness of a SOI layer, in the ion 
implantation equipment of the high current usually used as a mass-production machine, only the SOI layer 
which has the thickness which is about at most 2 micrometers by the limit on equipment since the acceleration 
voltage of 200keV extent is a limit was producible. Therefore, in order to form the SOI layer which has the 
thickness beyond this by the hydrogen ion exfoliating method, the ion implantation equipment of a high current 
with which high acceleration voltage is obtained more was needed, but since the equipment from which high 
acceleration voltage which exceeds 200keV is obtained would take time amount in order that it may be difficult 
to acquire a high current and it may obtain a predetermined injection rate, and it led to a cost rise as a result, 
utilization on mass-production level was not carried out. moreover, the point that processes, such as polish, are 
required in order to improve the field granularity on the front face of SOI after exfoliation — setting — PACE — 
there was the same trouble as law. 
[0007] 

[Problem(s) to be Solved by the Invention] Then, it sets it as the main purpose that productivity of this 
invention is good and it offers the thick-film SOI wafer which was made in view of such a trouble, is made to 
form the silicon film on the SOI layer obtained by the hydrogen ion exfoliating method, and has good thickness 
homogeneity by low cost. 
[0008] 

[Means for Solving the Problem] Invention indicated to claim 1 of this invention in order to solve the above- 
mentioned technical problem While forming an oxide film at least in one side among two single-crystal-silicon 
wafers After pouring in a hydrogen ion or rare gas ion from the top face of one silicon wafer and making an ion- 
implantation layer form, The field of the direction which poured in this ion is stuck with the silicon wafer of 
another side through an oxide film. Subsequently, after producing the SOI wafer which adds heat treatment, 
separates one silicon wafer in the shape of a thin film by making this ion-implantation layer into a cleavage 
plane (stripped plane), and has a SOI layer, It is the manufacture approach of the SOI wafer characterized by 
growing up an epitaxial layer and making a thick-film SOI layer form on this SOI layer. 
[0009] Thus, if an epitaxial layer is grown up on this SOI layer, without grinding the cleavage plane of a SOI 
layer after producing the SOI wafer which has the SOI layer obtained by the hydrogen ion exfoliating method, 
the yield is good and a thick-film SOI wafer with good thickness homogeneity can be manufactured for high 
productivity. And since the field granularity on the front face of SOI is improved by putting a SOI wafer to a 
hydrogen ambient atmosphere at the time of the temperature up in front of epitaxial growth, the field granularity 
of the thick-film SOI front face after epitaxial layer growth will also become good. 

[0010] In this case, since an epitaxial layer is formed in the stripped plane of a SOI layer in which an epitaxial 
layer is formed while the damage layer by the ion implantation had remained somewhat, the thick-film SOI 
wafer which has a damage layer can be formed into the SOI layer of the epitaxial layer lower part like claim 7, 
and this damage layer can be used as a gettering site which removes impurities, such as heavy metal, from a 
device barrier layer. 

[001 1] In this case, if it heat-treats in the ambient atmosphere containing the reducing atmosphere or hydrogen 
chloride gas which contains hydrogen in the SOI wafer before epitaxial layer growth as indicated to claim 2 
Since an epitaxial layer can be grown up after the damage layer which remains in the stripped plane of a SOI 
layer is removed and the field granularity of a stripped plane is improved, there are very few crystal crystals and 
the SOI wafer with which thickness homogeneity and surface roughness have the thick-film SOI layer of good 
high quality can be manufactured. 

[0012] In moreover, the case of the SOI wafer produced using the silicon wafer manufactured by the Czochrlski 
method (CZ process) Since the defect of a cavernous mold with a magnitude of about 0.1-0.2 micrometers 
called COP (Crystal Originated Particle) into a SOI layer exists If a SOI layer is thinner than the magnitude of 
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COP, the hydrogen gas used at an epitaxial growth process will penetrate COP, will etch an embedding oxide 
film, and will deteriorate the property of a SOI wafer as a result. 

[0013] Then, as indicated to claim 3, when the thickness of the SOI layer of the SOI wafer before epitaxial layer 
growth makes it 0.2 micrometers or more, it can prevent certainly etching the embedding oxide film in an 
epitaxial growth process. 

[0014] In this case, as indicated to claim 4, it is desirable to exceed 2 micrometers for the thickness of the thick- 
film SOI layer after epitaxial growth. Thus, if the SOI layer of a thick film is formed, productivity is good and a 
thick-film SOI layer with good thickness homogeneity very useful as a bipolar device or an object for power 
devices can be produced by low cost. 

[0015] Next, invention indicated to claim 5 of this invention is a SOI wafer characterized by being 
manufactured by the manufacture approach indicated to said claim 1 thru/or claim 4. Thickness homogeneity is 
a good SOI wafer and such a SOI wafer turns into a SOI wafer excellent in the electrical property very useful as 
a bipolar device or an object for power devices. 

[0016] And invention indicated to claim 6 of this invention is the approach of reusing the exfoliation wafer 
characterized by reworking the exfoliation wafer which carries out a byproduction and reusing as a silicon 
wafer in the manufacture approach indicated to said claim 1 thru/or claim 4. Thus, also in the hydrogen ion 
exfoliating method of this invention, since suitable reprocessing for the exfoliation wafer which carried out the 
byproduction can be performed and it can reuse as a silicon wafer, the improvement and the cost cut of the yield 
of a SOI wafer and productivity which have the thick-film SOI layer of high quality as a result can be aimed at. 
[0017] 

[Embodiment of the Invention] Although the gestalt of operation of this invention is explained hereafter, 
referring to a drawing, this invention is not limited to these. Here, drawing 1 is the flow Fig. showing an 
example of the production process of the SOI wafer by the approach of combining and separating the wafer 
including an epitaxial growth process which carried out the ion implantation, and manufacturing a SOI wafer, 
this hydrogen ion exfoliating method — from the difference for example, in down-stream-processing sequence ~ 
large — dividing — A — law and B — law — it is — first — A — how to manufacture the SOI wafer of the thick 
thickness of this invention from law is explained. 

[0018] At the process 1 of A law shown in (1) of drawing 1 , two silicon mirror plane wafers are prepared and 
the wafers 20 and 21 suitable for the specification of a device are prepared. At a process 2, one [ at least ] wafer 
of them is oxidized thermally, a wafer 20 is oxidized thermally here, and the. oxide film 30 of about 0.1 
micrometers - 2.0 micrometer thickness is formed in the front face. By a diagram, an oxide film may be formed 
in the front face of the whole wafer 20 although the oxide film is formed only in the front-face side. 
[0019] Pour in a hydrogen ion or rare gas ion to one side of another wafer 21, the minute air-bubbles layer 
(enclosure layer) 40 parallel to a front face is made to form in the average penetration depth of ion at a process 
3, and this impregnation temperature has desirable 25-450 degrees C. Although the acceleration voltage of ion 
implantation equipment will determine the impregnation depth of ion and will determine the thickness of the 
SOI layer after this exfoliating here, since the acceleration voltage of ion implantation equipment has the limit 
on equipment, in the case of a hydrogen ion, in the present condition, about 2-micrometer thickness is an upper 
limit in the acceleration voltage of 200keV extent. 

[0020] A process 4 is a process which piles up and sticks the field of the oxide film 30 of a wafer 20 to the 
hydrogen ion impregnation side of the wafer 21 which poured in the hydrogen ion, and wafers paste it up by 
contacting the front faces of two wafers under the pure ambient atmosphere of ordinary temperature, without 
using adhesives etc. 

[0021] Next, at a process 5, by the exfoliation heat treatment process divided into up silicon (exfoliation wafer) 
28 and the lower SOI wafer 10 (SOI layer 25+ pad oxide film 26+ base wafer 27) bordering on the enclosure 
layer 40, if heat treatment is added at the temperature of about 500 degrees C or more under an inert gas 
ambient atmosphere, the rearrangement of a crystal and condensation of air bubbles will separate into an 
exfoliation wafer and a lower SOI wafer. Thus, in this invention, the byproduction of the exfoliation wafer 28 is 
carried out in a process 5. 

[0022] And although it is necessary to heat-treat to the SOI wafer 10 and to make bond strength into sufficient 
thing at a process 6 in the bonding strength of the wafers which are the adhesion processes of said process 4 and 
were stuck since it is weak for using it at a device process as it is, it is desirable to perform this heat treatment in 
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2 hours from 30 minutes at 1050 degrees C - 1200 degrees C under an inert gas ambient atmosphere or a 
oxidizing gas ambient atmosphere. 

[0023] In addition, you may carry out as what may carry out continuously exfoliation heat treatment of the 
above-mentioned process 5, and heat-of-linkage processing of a process 6 in this case, and serves as exfoliation 
heat treatment of a process 5, and heat-of-linkage processing of a process 6 to coincidence. The process so far 
does not have the manufacture approach of a SOI wafer and change by the usual hydrogen ion exfoliating 
method. 

[0024] Next, a process 7 is a process which grows up an epitaxial layer and grows up the thickness of a SOI 
layer to desired thickness exceeding 2 micrometers on the cleavage plane 50 which is a front face of the SOI 
layer 25 obtained by the hydrogen ion exfoliating method. In addition, since there is a field (uncombined 
section) which the oxide film 30 (embedding oxide film 26) has exposed in the periphery section of the SOI 
wafer 10 after exfoliation heat treatment in the case of A law, a fluoric acid water solution etc. needs to remove 
beforehand before epitaxial growth. The SOI wafer 1 0 finally obtained consisted of the thick-film SOI layer 60 
and the pad oxide film 26 whose total thickness is several micrometers - 10 micrometers of numbers, and a base 
wafer 27 after epitaxial layer growth. 

[0025] the CVD method usually performed in epitaxial growth ~ for example, 1 100-1200 degrees C — SiC14 or 
SiHC13, SiH2 C12, and SiH4 etc. — what is necessary is to carry out hydrogen reduction, to deposit Si and just 
to carry out epitaxial growth only of the method of a crystal of the used silicon wafer to ** what Or by the 
molecular beam epitaxy method (MBE law), epitaxial growth may be carried out at 600-900-degree C low 
temperature under an ultra-high vacuum (10-8 to 10-11). 

[0026] In the process so far, the sequence of process 5, process 6, and a process 7 is also changeable in order of 
process 5, process 7, and a process 6. Moreover, you may carry out as that as which performs continuously 
heat-of-linkage processing of a process 6, and epitaxial growth of a process 7, or it serves to coincidence. For 
example, since it passes reactant gas and deposits an epitaxial layer after carrying out the temperature up of the 
usual epitaxial growth process to 1000-1200 degrees C in about 100% hydrogen ambient atmosphere as 
described above At least this brings a result to which bond strength is raised simultaneously with epitaxial 
growth, and Or after carrying out a temperature up to the temperature near reaction temperature, carrying out 
fixed time amount maintenance in the ambient atmosphere which mixed the inside of a hydrogen ambient 
atmosphere, or hydrogen chloride gas and etching the damage layer on the front face of SOI, even if it deposits 
an epitaxial layer continuously, bond strength is raised as a result. In this case, a process 6 and a process 7 will 
be carried out to continuous or coincidence with the same epitaxial equipment, and are very advantageous in 
respect of productivity or cost. 

[0027] Thus, if epitaxial growth of silicon is performed to the cleavage plane of the SOI layer obtained by the 
hydrogen ion exfoliating method, while the thick-film SOI layer of the total several micrometers thickness - 10 
micrometers of numbers can obtain comparatively easily as a SOI layer, the homogeneity of thickness is good, 
has a gettering site in the SOI wafer excellent in the electrical property which does not almost have a crystal 
defect, or a SOI layer, and can produce a SOI wafer strong against heavy metal contamination. 
[0028] Then, the manufacture approach of the SOI wafer by B law is described. At the process 1 of B law, two 
silicon mirror plane wafers are prepared and the wafers 22 and 23 suitable for the specification of a device are 
prepared. At a process 2, one [ at least ] wafer of them is oxidized thermally, and the oxide film 31 of about 0.1 
micrometers - 2.0 micrometer thickness is formed in the front face. A hydrogen ion or rare gas ion is poured in 
to the 31st page of the oxide film of a wafer 23, and the minute air-bubbles layer (enclosure layer) 41 parallel to 
a front face is made to form in the average penetration depth of ion at a process 3. This impregnation 
temperature has desirable 25-450 degrees C. 

[0029] A process 4 is a process which lays the silicon wafer 22 on top of the field of the oxide film 3 1 which is 
the hydrogen ion impregnation side of the wafer 23 which carried out hydrogen ion impregnation, and wafers 
paste it up by contacting the front faces of two wafers under the pure ambient atmosphere of ordinary 
temperature, without using adhesives etc. Next, through the down stream processing as A law with a process 5 
to the same process 7, the homogeneity of thickness is good, there is no crystal defect, and the SOI wafer which 
has a thick-film SOI layer is obtained. 

[0030] Next, the process 8 of this invention is a process of reuse of an exfoliation wafer, and is a process which 
reuses the exfoliation wafer 28 which carried out the byproduction by the exfoliation heat treatment process of a 
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process 5 as a silicon wafer. What carried out the byproduction by which approach of A law or B law is 
reusable. The polish process at which this reuse process grinds a stripped plane when suitable reprocessing steps 
are composed according to the quality of an exfoliation wafer and the level difference according [ for example, ] 
to the uncombined section and an oxide film remains in the periphery of an exfoliation wafer, or when the 
damage layer remains will be incorporated. Moreover, in order to remove a surface damage layer and to 
improve surface roughness, it may be made to perform heat treatment under the reducing atmosphere containing 
hydrogen. 
[0031] 

[Example] Although the example of this invention is given and being explained concretely hereafter, this 
invention is not limited to these. 

(Example 1) B which resistivity prepared [ the conductivity type ] 10 ohm-cm, the diameter of 150mm, a 
crystallographic axis <100>, and two CZ silicon mirror plane wafers with a thickness of 625 micrometers with 
p mold, and was shown in drawing 1 — according to the processes 1-8 of law, the SOI wafer whose thickness of 
a SOI layer is 0.5 micrometers was first produced by the hydrogen ion exfoliating method, and the SOI wafer 
which is subsequently made to carry out epitaxial growth with a CVD method, and has the thick-film SOI layer 
of the 2.0 micrometers of the total thickness be manufactured. 

[0032] The main processing conditions which manufacture a SOI wafer are as follows. 

a) oxide-film thickness [ of a process 2 ]: — hydrogen impregnation condition [ of the 80nmb process 3 ]: — H+ 
ion - impregnation energy: — 67keV impregnation dosage: — exfoliation heat treatment condition [ of the 
8xl016-/cm2c process 5 ]: — N2 Under a gas ambient atmosphere Heat-of-linkage processing of 500 degrees C, 
30 minutes, and the d process 6: CVD method epitaxial growth process:H2 of nothing (it serves with a process 
7), and the e process 7 BEKU (H2 an ambient atmosphere, 1110 degrees C, 60 seconds), epitaxial layer 
deposition (SiHC13+H2, 1110 degrees C, 60 seconds). 

[0033] In this way, at the process 5, the SOI layer of 0.5-micrometer thickness was formed by the hydrogen ion 
exfoliating method, in the process 7, 1 .5 -micrometer epitaxial growth was carried out with the CVD method, 
and the thick-film SOI layer of the 2.0 micrometers of the total thickness was formed. 
[0034] Moreover, it asked for the thickness homogeneity of the SOI layer of a SOI [ having exfoliated after 
exfoliation heat treatment of a process 5 ] wafer, and surface roughness. Thickness measurement was performed 
by reflective spectroscopy, measured the inside of the field of a SOI wafer thousands of points in 2mm pitch 
except for 1 0mm from the periphery, and expressed it with the RMS value (square mean square root value). 
Consequently, the sigma (standard deviation) of the thickness of the SOI layer after exfoliation heat treatment 
was 0.6nm, therefore thickness homogeneity (three sigmas) was **1.8nm. When surface roughness was 
measured on 1 -micrometer square with the atomic force microscope, it was an RMS value (square mean square 
root granularity), and was about 7.6nm. On the other hand, when thickness distribution of the SOI layer after 
the epitaxial growth of a process 7 was measured, although it is 1 8.4nm, therefore thickness homogeneity (three 
sigmas) is **55.4nm and the homogeneity of thickness got worse a little with epitaxial growth, compared with 
**0.3 micrometers of the usual wafer joining-together method, it turned out that the sigma (standard deviation) 
of thickness is very good. Moreover, surface roughness was very as good as about 0.29nm at the RMS value. 
[0035] The SOI wafer was quadrisected after epitaxial growth and the defect density of the depth direction in a 
SOI layer was measured. After performing the four-step SEKOETCHINGU method (J. Electrochem.Soc, 140, 
pp 1713 and 1993) indicated by H.Gassel and others in these after carrying out 1.5, 1.0, 0.5, and 0-micrometer 
etching from a front face by etching according the quadrisected wafer to a KOH water solution, respectively, 
the measuring method carried out microscope observation and was measured by counting the pit consistency 
which exists in the front face. Consequently, it sets in any depth and defect density is 102 / cm2. It is the 
following and the usual bulk wafer and the very good value below equivalent were shown. 
[0036] (Example 2) Thickness growing epitaxially is set to 6.5 micrometers and it is H2. The SOI wafer of the 
7.0 micrometers of the total thickness was produced on the same conditions as an example 1 except having 
deposited the epitaxial layer, without carrying out BEKU (heat treatment in about 100% hydrogen ambient 
atmosphere). The surface roughness of an epitaxial layer was very as good as about 0.33nm at the RMS value. 
[0037] Although this wafer was quadrisected, one 1 -micrometer sheet was etched from the front face by the 
usual selective etching (SEKOETCHINGU) among those, microscope observation was carried out and surface 
defect density was measured, defects, such as a stacking fault, were not observed. The three remaining sheets 
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are the same approaches as an example 1 , and measured the defect density of the depth direction in a SOI layer. 
However, the amount of etching removal by the KOH water solution was set to 5.0 and 6.0 or 6.5 micrometers. 
Consequently, defect density is 102 / cm2 like [ sheets / whose amounts of etching are 5.0 or 6.0 micrometers / 
two ] an example 1 . Although it was the following, the 6.5 micrometers (it etches to the growth interface of an 
epitaxial layer) wafer had [ the amount of etching ] the defect density of 7x103 / cm2. It turned out that this 
shows that the damage at the time of hydrogen ion impregnation remains in the SOI layer of the growth 
interface lower part of an epitaxial layer, and this damage layer can be used as a gettering site which removes 
impurities, such as heavy metal, from a device barrier layer. 

[0038] In addition, this invention is not limited to the above-mentioned operation gestalt. The above-mentioned 
operation gestalt is instantiation, and no matter it may be what thing which has the same configuration 
substantially with the technical thought indicated by the claim of this invention, and does the same operation 
effectiveness so, it is included by the technical range of this invention. 
[0039] 

[Effect of the Invention] As explained above, according to this invention, the homogeneity of the thickness of a 
SOI layer useful as a bipolar device or an object for power devices is good, has a gettering site in the SOI wafer 
which has the thick-film SOI layer excellent in crystallinity and an electrical property, or a SOI layer, and can 
manufacture comparatively easily a SOI wafer strong against heavy metal contamination by low cost. 
Moreover, since thin-film-izing and the polish process for improving field granularity become unnecessary and 
reduction of the amount of the water used and industrial waste, such as a polish slurry, are reduced, the bad 
influence to an environment can be controlled. Moreover, since the process which removes the uncombined 
section of the wafer circumference was also lost, productivity and the yield improved, and the large cost cut was 
attained. It becomes possible to reuse the exfoliation wafer by which a byproduction is furthermore carried out 
as a silicon wafer, and a cost cut is achieved further. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 

20 [A ft] 21 



(2) 

22 CB ft] 23 



c 



3 + i — n c 



-30 



4 0- 



3 



T T t I t 



40 i 



I . 28- 

8 0 
20 
26 



■30 



1 + L 



]-i-2««nn» 



4 t 



t tttt 

H* 

41 i 



JO 



;£23 - 

| ^27 



-4-**f:sr:/ttA 



60 

26 
27 



1 0 SOIOI-A 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 7/14/2005 



